P yoderma gangrenosum (PG) with systemic inflammation and necrotizing Sweet syndrome (NSS) frequently mimic severe infection. A subset of diagnostically challenging neutrophilic dermatoses morphologically resemble necrotizing fasciitis (NF) with rapid progression of purpura and skin necrosis in a critically ill patient. They prominently feature systemic inflammation with sepsis-like physiologic signs (fever, leukocytosis, tachycardia, hypotension, and organ failure) and neutrophilic dermatosis with no infectious cause. The distinction between infection and inflammation is difficult, as the clinical picture closely mimics sepsis resulting from infection; however, blood and tissue cultures are negative. 1, 2 Often, misdiagnosis leads to delayed or failed treatment. Because the immunosuppression used to treat neutrophilic inflammation may worsen the infection and the surgical procedures that target the infection may exacerbate PG or NSS through pathergy, refining the diagnosis and management of this inflammatory variant, termed here as necrotizing neutrophilic dermatosis (NND), is important.
Methods
We describe a case series of patients with NND seen at 3 academic institutions (University of California San Francisco, Oregon Health and Science University, and University of Minnesota) from January 1, 2015, to December 31, 2017 , along with results of a literature review. Data were derived retrospectively from medical records or from published reports in Medline and Embase databases using the search terms pyoderma gangrenosum or Sweet syndrome (SS) and necrotizing fasciitis. Two of us (I.M.S. and S.L.) independently reviewed and selected studies published between January 1, 1980, and December 31, 2017. 3 An additional reviewer (K.S.) resolved the discrepancies between our 2 reviewers. Necrotizing was defined as severe systemic features in a critically ill patient with a clinical diagnosis of PG or SS that mimics sepsis or septic shock from infection, are often accompanied by the breakdown of skin through the dermis and fat, and considered as NF in the differential diagnosis (inclusion criteria for cases). Shock was defined as a multiorgan dysfunction in a critically ill patient resulting from dysregulated inflammation; typical signs of shock include fever, respiratory distress, tachycardia, hypotension, leukocytosis, metabolic abnormalities, and altered mentation. 4 Sepsis by definition requires infection as a cause, but the clinical presentation of sepsis or shock in our review had no infectious origin. Cases were excluded if a diagnosis other than neutrophilic dermatosis was made, if key clinical details were missing, or if reported in a nonEnglish language. The data were analyzed using STATA version 14.2, Special Edition (StataCorp LLC). The institutional review boards of the University of California, San Francisco, the University of Minnesota, Minneapolis, and the Oregon Health Sciences University, Portland, approved or exempted the reporting of cases derived from each institution. 
Key Points
Question What are the key characteristics of necrotizing neutrophilic dermatosis?
Findings In this case series involving 6 previously unreported patients with necrotizing neutrophilic dermatitis and a literature review involving 48 patients with necrotizing neutrophilic dermatosis, patients with pyoderma gangrenosum or Sweet syndrome had clinical features that mimicked severe infection, including fever, elevated inflammatory markers, leukemoid reaction, and shock. Debridements and amputations occurred, and antibiotics were prescribed with inadequate treatment response, but all patients responded to immunosuppressive treatment.
Meaning Pyoderma gangrenosum and Sweet syndrome with prominent systemic inflammation define a subset of neutrophilic dermatoses, termed necrotizing neutrophilic dermatoses, which is frequently misdiagnosed as necrotizing fasciitis; its proper recognition may minimize morbidity associated with delayed or inappropriate treatment.
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In total, we found 48 patients with NND, 36 patients with necrotizing PG, and 12 patients with NSS reported in the literature. Along with an additional 6 unpublished patients with NND (2 PG and 4 NSS) found on medical record review at 3 academic institutions, this case series illustrates the spectrum of disease presentation, highlighting possible clinical criteria ( Table 1) . Most patients had clinical lesions with prominent systemic inflammation, which resembled sepsis or shock. Overall, 54 patients with NND were included, of which 40 were PG with systemic features and 14 were NSS. Of the 54 patients, 29 (54%) were male and 25 (46%) were female, with a mean (SD) age of 51 (19) years.
Of the patients with NND, 51 (94%) were initially misdiagnosed as NF ( Table 2) , and NND occurred more often among male patients and had a mean (SD) age at onset of 51 (19) years. In all 54 patients, hematologic disorders and malignant neoplasms were the most common disease associations (18 [33%]), with myelodysplastic syndrome occurring in 9 patients (17%). Other common comorbidities were connective tissue disease (6 [11%]), endocrine disorders (7 [13%]), and inflammatory bowel disease (6 [11%] ). Medications were potential triggers in 7 patients (13%), including granulocyte colony-stimulating factor in 4 cases (7%). Illicit drug use was reported in 1 patient (2%). Initial pathergic insults included surgical procedure (22 [41%] ) or trauma (10 [19%] ). Figure 1 ). Similar prevalence of violaceous margins and necrosis were seen in PG and NSS (eFigure 1 in the Supplement). Skin lesions were located on the lower (19 [35%] ) and upper (13 [24%]) extremities. Of the 14 NND cases (26%) with satellite lesions, 8 (57%) were associated with PG and 6 (43%) with NSS (see Figure 2) .
Systemic features were universal. Thirty-six patients (67%) were febrile (mean temperature, 40°C), and 14 (26%) presented with clinical signs resembling septic shock. Nineteen patients (35%) underwent diagnostic imaging. Cultures were performed in 45 cases (83%), and 98% percent of tissue cultures were negative. Key laboratory findings included elevated markers of systemic inflammation in 23 patients (43%), leukocytosis in 36 (67%), and a leukemoid reaction in 15 (28%), with a mean (range) white blood cell count of 51 371/μL (32 300-138 000/μL) (to convert to ×10 9 /L, multiply by 0.001). 5 Biopsy was performed in 51 patients (94%). Typical histopathologic findings were sparse diffuse subcutaneous and dermal inflammation with a predominance of neutrophils as well as associated leukocytoclasis and edema. The neutrophilic infiltrate and associated necrosis (43% of cases) often extended to the level of fascia or muscle. Evidence of vasculitis or an associated atypical or immature myeloid infiltrate was not observed (eFigures 2 and 3 in the Supplement).
Debridement was performed in 42 patients (78%), with a mean (SD) of 2 (2 [range, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] ) debridements per patient. Antibiotics were administered as an initial treatment in 
Discussion
Neutrophilic dermatoses on a clinical spectrum range from typical cases to distinct variants with severe systemic involvement, which we refer to as NND. e Surgical procedure included any operation (21) or excision (1).
f Violaceous margins were defined and may have occurred at any time during the disease course, including postdebridement.
g Leukemoid reaction was defined as leukocytes or white blood cell count of 30 000/μL or greater.
5
h Leukocytosis was defined as leukocytes or white blood cell count of 11 000/μL or greater. i Fever was defined as higher than 38.3°C.
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Common features of NND were identified, but some clinical features may be indistinguishable from necrotizing softtissue infection, such as fever, leukemoid reaction, and shock, presenting a challenging clinical scenario as treatments for infection are distinct and diametrically opposed from treatments for inflammation. Multidisciplinary teams must reach a consensus about how to reconcile the differences in diagnosis and subsequent management. Diagnostic confusion in these cases, especially the 94% misdiagnosed as NF, was exacerbated by the inconsistent performance of imaging, cultures, and biopsy tests; this variation resulted in inappropriate treatment such as antibiotic administration, debridement, or amputation. Tissue biopsy specimens and cultures are critical to distinguishing the diagnosis of NND from NF, although in cases of NF, confirmatory tissue samples range from 43% to 98% and blood cultures range from 18% to 66%. 6, 7 Cultures are not always positive in NF, but classic cutaneous morphologic clues for PG or SS in the absence of infectious organisms on histopathologic, microbiologic stains or culture support an NND diagnosis; inpatient dermatologic consultation may also expedite diagnosis. 2, 8, 9 Immunosuppression can be empirically initiated while waiting for cultures and additional histopathologic stains for infection, especially if a critically ill patient does not improve with antimicrobial agents and there is no clear evidence of infection. 10 Concomitant treatment with corticosteroids and antimicrobial agents is an important and potentially lifesaving compromise of therapeutic management. Although we noted some minor differences between PG-like and NSS forms of NND, [11] [12] [13] [14] [15] we believe that necrotizing PG and NSS described in the literature are the same disease, an important variant distinct from classic neutrophilic dermatosis. However, NND may not fulfill existing diagnostic criteria for classic PG and SS; distinct underlying pathophysiologic mechanisms likely give rise to severe systemic involvement.
2,12,15

Limitations
We highlight key features of NND proposed by the literature as diagnostic criteria; however, case reviews are limited by publication bias of poor outcomes, near misses, or missing information that affects results. An additional limitation was the use of clinical descriptions of shock without use of formal sepsis or Systemic Inflammatory Response Syndrome criteria. Prospective studies are needed to validate the proposed features as diagnostic criteria for NND. Future research is especially needed to elucidate specific diagnostic biomarkers to distinguish NND from infectious mimickers, define key pathways, and identify the best management.
Conclusions
This case series report characterizes NND features to aid in disease classification and diagnosis. The overlapping clinical characteristics suggest that this entity lies on the same disease spectrum of more classic neutrophilic dermatosis, yet it is a distinct variant. Clinical morphologic test as well as tissue biopsy and culture are critical to differentiating NND from NF. Refinement of the proposed clinical criteria is needed. These cases also highlight a practice gap for dermatologists: a lack of diagnostic criteria and biomarkers that accurately discriminate inflammation from infection. Additional Contributions: We thank the patient shown in Figure 1 for granting permission to publish this information.
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